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Abstract
The tensor fraction r ≃ 0.16 found by BICEP2 corresponds to a
Hubble parameter H ≃ 1.0 × 1014GeV during inflation. This has two
implications for the (single-field) slow-roll inflation hypothesis. First,
the inflaton perturbation must account for much more than 10% of the
curvature perturbation ζ, which barring fine-tuning means that it ac-
counts for practically all of it. It follows that a curvaton-like mechanism
for generating ζ requires an alternative to slow roll such as k-inflation.
Second, accepting slow-roll inflation, the excursion of the inflaton field
is at least of order Planck scale. As a result, the flatness of the infla-
ton presumably requires a shift symmetry. I point out that if such is
the case, the resulting potential is likely to have at least approximately
the quadratic form suggested in 1983 by Linde, which is known to be
compatible with the observed r as well as the observed spectral index
ns. The shift symmetry does not require supersymmetry. Also, the big
H may rule out a GUT by restoring the symmetry and producing fatal
cosmic strings. The absence of a GUT would correspond to the absence
of superpartners for the Standard Model particles, which indeed have
yet to be found at the LHC.
Recently, BICEP2 [1] has detected primordial gravitational waves. In this
note I discuss two consequences of their result for the generation of the curva-
ture perturbation, and some of their implications.
The BICEP2 measurements gives (after subtracting an estimated fore-
ground) r = 0.16+0.06
−0.05 where r = Pten(k)/Pζ(k) is the tensor fraction, eval-
uated on the scales xls/100 . k
−1 . xls and xls = 14, 000Mpc is the distance
to the last-scattering surface. (I will call these large scales). The quoted un-
certainty is only statistical and it may be that the foreground (dust) accounts
for all of the observed polarization. In this paper I discount that and accept
that a tensor perturbation has been detected. Also, I will assume that the
1
tensor perturbation is generated during inflation with Einstein gravity; then
Pten(k) = (8/M2P)(H(k)/2π)2 where H(k) ≡ a˙/a is the Hubble parameter at
the epoch of horizon exit k = aH .
The spectrum Pζ(k) of the curvature perturbation is measured accurately
[2] on scales 10Mpc . k−1 . xls. (I will call these cosmological scales.)
It is nearly constant and equal to P1/2ζ (k0) = 4.69 ± 0.02 at a ‘pivot scale
k−10 = 20Mpc. With r = 0.16 this corresponds to H = 1.0 × 1014GeV,
where H without an argument is the large-scale value. This corresponds to
an energy scale ρ1/4 = 1.5× 1016GeV which is not far below the Planck scale
MP = 2.4 × 1018GeV. With my assumption, four-dimensional field theory is
valid up to this scale and the string theory from which it may be derived is
relevant only at higher scales even closer to the Planck scale.
For ns(k)−1 ≡ d lnPζ/d ln k observation requires ns(k0)−1 = 0.039±0.005
assuming αs ≡ n′s(k0) = 0. Assuming just constant αs doesn’t change the result
for ns − 1 much, and gives αs(k0) = −0.014+0.016−0.017 at 95% confidence.1 These
results suggest that ns(k)− 1 is nearly constant on cosmological scales.2
On the usual assumption that H is nearly constant throughout inflation,
the measured value of H determines the number of e-folds of inflation after the
scale k = 1/xls leaves the horizon given an assumed evolution of the scale factor
after inflation. Assuming matter domination until reheating at temperature
TR, it is
N(1/xls) = 61− 1
3
ln
109GeV
TR
. (1)
Requiring only successful BBN one could have TR ∼ 1MeV which would give
N = 47, but a value closer to 61 is far more likely.
Slow-roll inflation
Slow-roll inflation requires
ǫ(k)≪ 1, |η(k)| ≪ 1, , (2)
where ǫ(k) = M2P(V
′/V )2/2 and η(k) = V ′′/V evaluated at horizon exit, with
V (φ) is the inflaton potential.3 It also gives V (N) = 3M2PH
2(N) to good
accuracy, and
H−1(N)dH/dN = ǫ, ǫ−1dǫ/dN = 2η − 4ǫ, (3)
where N(k) is the number of e-folds of inflation after k leaves the horizon.
Therefore, H(N) and ǫ(N) hardly change while ∆N = 1.
1Except where stated all the other uncertainties are at 68% confidence levels.
2A significant change in ns(k) has been suggested [1, 3], as one way of resolving the
tension between the BICEP2 result and the Planck result [2] r < 0.11 (95% confidence).
When I come to consider models of slow-roll inflation I will assume that the tension is
resolved in some other way.
3I consider only single-field inflation, excluding for example the two-field scenario of [4].
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Also, slow-roll gives ns(k)−1 = 2η(k)−6ǫ(k), and r = 16ǫ where ǫ without
an argument is the large-scale value. Finally,
dφ/dN =M2PV
′/V = ±
√
2ǫ(N)MP. (4)
Integrating this expression gives
N(φ) =
1
M2
P
∫ φ
φend
V
V ′
dφ, (5)
where φend is φ at the end of inflation. For a non-hybrid model inflation ends
when slow-roll fails, ie. when max{ǫ, |η|} ∼ 1.
The inflaton contribution to ζ
The first implication of r = 0.16 for slow-roll inflation concerns the contribution
ζinf of the inflaton perturbation to primordial curvature perturbation ζ [5].
4
To be more precise, it concerns P1/2ζinf (k) which is the rms contribution of ζinf
per unit interval of ln k. On large scales slow-roll inflation gives
P1/2ζinf (k)
P1/2ζ (k)
=
√
r
16ǫ
≫
√
r
16
= 0.10. (6)
It follows that ζinf accounts for much more than 10% of ζ, at least on large
scales.
The requirement ζinf = ζ was taken to be essential for almost twenty years
after the advent of inflation. Then it was realised that all [6] or some [7]
of ζ could instead be generated by a curvaton field.5 The curvaton acquires
its perturbation during inflation but generates Pζ only at some epoch after
inflation when it comes to account for a significant fraction of the energy
density. Soon after it was realised that ζ could also be generated by what one
might call a modulon field, whose perturbation modulates some process after
inflation that would take place anyway even if the modulon didn’t exist. The
original proposal [9] was to modulate the decay of the inflaton, but many other
possibilities have since been considered.
The high value of r found by BICEP2 means that a curvaton or modulon
mechanism is practically incompatible with slow-roll inflation, and completely
incompatible if the mechanism accounts for practically all of ζ .6 That is not
a problem for these mechanisms though, because they assume nothing about
the mechanism of inflation. Their only input from inflation is the Hubble
parameter H(N) while scales of interest are leaving the horizon. Alternatives
to slow-roll are known to exist, such as k-inflation [11] with sound speed bigger
4Generic r is considered [5], which states a converse equivalent of the present result; that
Pζinf ≪ Pζ is equivalent to r ≪ 0.1.
5See also [8] for a related scenario involving a bouncing universe.
6This is verified in [10] for the linear curvaton model.
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than c, which generate a contribution to ζ that is much smaller than ζinf
allowing a curvaton or modulon scenario.
The inflaton scenario is distinguished from the curvaton and modulon sce-
narios by the non-gaussianity that it generates. The reduced bi-spectrum
fNL(k1, k2, k3) for the inflaton scenario has is a very specific shape [12] which
would be a smoking gun for slow-roll inflation, but is only of order 10−2 which
is probably too small ever to detect. The curvaton and modulon scenarios in
contrast generally make fNL constant, and typically of order 1 or bigger which
should eventually be detectable. Also, when fNL is constant there is a further
prediction τNL = (6fNL/5)
2 for the trispectrum parameter τNL. If the curva-
ton or modulon evolves non-linearly fNL need not be constant [13] but is still
typically & 1.
Now we know that r ≃ 0.16, a future detection of |fNL(k1, k2, k3)| ≫ 10−2
would strongly suggest that inflation is not slow-roll. Before, it would just have
ruled out ζ ≃ ζinf . Furthermore an accurate verification of τNL = (6fNL/5)2
would completely rule out slow-roll inflation. Before, it would just have re-
quired that ζinf is negligible.
Existing studies of curvaton and modulon scenarios leave H(N) arbitrary.
Now that we know H on large scales the predictions are much sharper and
should all be revisited. For instance, the axionic curvaton model studied in
[14] gives, with the observed H and adopting the simplest version, fNL ∼ 1.7
The axionic curvaton model is particularly attractive because (i) the flatness
of the potential can protected by a shift symmetry as discussed below for the
inflaton potential and (ii) it can generated the observed spectral index even if
ǫH ≡ |dH/dN |/H is very small.8
The big change in the inflaton field
The second implication of r ≃ 0.16 for slow-roll inflation [15, 16] is a lower
bound on the change in the inflaton field φ during inflation.9 It comes from
the relation Eq. (4). While large scales leave the horizon the change in N is
only ∆N ≃ 4. During this era ǫ ≥ r/16, and the corresponding change in φ
is ∆4φ ≃= 4
√
2ǫ. It follows that ∆φ, the total change in φ after the scale xls
leaves the horizon, satisfies [15]
∆φ & 4
√
r/8MP = 0.56MP. (7)
In [16] it was pointed out that a stronger result holds for the total change in
φ if ǫ(k) doesn’t decrease during inflation:
∆φ ≥ N
√
r/8 = 8.4[N(1/xls)/60]MP, (8)
7One sees this from Figure 1 of the paper.
8A curvaton or modulon model gives ns = 1− 2ǫH + (V ′′/3H2) where V is the curvaton
potential.
9In [15, 16], generic r was considered. In [15] an old definition of r was used, which is
6.9/8 times the now-standard definition.
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where N ≡ N(1/xls) is the total number of e-folds.10
The potential of slow-roll inflation
I take the inflaton field φ to be canonically normalized, and to be described
by an effective field theory valid up to some scale M . MP (but bigger than
the inflationary energy scale). One might identify M with the string scale.
According to a commonly held view, the tree-level potential will contain all
terms allowed by the symmetries. Assuming just symmetry under φ → −φ)
we will have
V =
1
2
m2φ2 +
∑
λdφ
d/Md−4, (9)
with the sum over even d > 2. Also it is commonly assumed that in the absence
of a suitably broken symmetry under φ→ φ+const (shift symmetry) one will
have |m2| ∼ M2 and |λd| ∼ 1. But Eq. (9) gives
η(N) =
m2
3H2
+
∑
d(d− 1)λdφd/Md−4
3H2φ2
, (10)
which barring cancellations requires m2 ≪ 3H2 and
d(d− 1)|λd| ≪ 3H
2
M2
(
M
φ
)d−2
.
3H2
M2
P
(
M
MP
)d−4
. 6× 10−9. (11)
One may of course dissent from the common view [20], but many authors
have taken it on board and have proposed a shift symmetry to ensure the flat-
ness of the potential. Confining ourselves to the large-field case that is relevant
here, three of the proposals [21, 22, 23] produce an approximately quadratic
potential, V ∝ φ2.11 Two more [26, 27] produce a sinusoidal potential, corre-
sponding to what has been called Natural Inflation [28]. With φ = 0 taken to
be a minimum, that too can give an approximately quadratic potential. There
is also the ‘monodromy’ scheme [29] that typically gives a potential ∝ φp with
p < 2.
A quadratic potential was suggested by Linde in 1983 [32], and it accounts
for the measured values of both r and ns(k). To be precise it gives
r = 0.16(50/N(1/xls), n(k)− 1 = −0.04(50/N(k)). (12)
with N(k0) = N(1/xls) − 6.5. These slow-roll predictions are compatible
with current observations. They can be altered slightly while maintaining
10The result Eq. (7) (for generic r) is usually called the Lyth bound. Sometimes (for
instance in [17, 18, 19]) the result Eq. (8) is also called the Lyth bound even though it was
obtained by two authors [16]). This is done in [17, 19], where potentials with decreasing ǫ
are incorrectly said to violate the finding of [15].
11 N -flation [24] can do the same thing, but not for generic initial conditions even assuming
equal masses [25]. I thank C. Gordon for pointing this out.
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agreement, by using the sinusoidal potential [30], by allowing all terms up to
quadratic [31] or by using the φp potential of [29].
One can also move away from strict slow roll in at least two ways. First,
in the schemes of [21, 29] the potential can have an additional oscillating
component. That would give Pζ(k) an oscillating component, and also give a
possibly observable fNL with a distinctive shape [33]. Second, the sinusoidal
potential makes a coupling ∝ φFµνF˜ µν to a gauge field quite likely, which could
have a variety of effects [34],
One can also consider potentials that are completely different from φ2 po-
tential, yet give values for r and n that are agreement with observation [35].12
It is not clear though, how such potentials can be the result of a broken shift
symmetry.
Supersymmetry
The inflationary energy density scale, ρ1/4 = 1.5× 1016GeV is the same as the
GUT scale MG, That must be a coincidence though, because MG represents
the vev of the GUT Higgs fields and not the height of their potential. The
height of their potential will be some coupling λ ≪ 1 times M4G. The energy
scale of GUT inflation models, which generate the inflationary energy density
from the GUT Higgs fields, is therefore too low [36] to generate the observed
r.
The high inflationary energy density is actually dangerous for a GUT, be-
cause it breaks supersymmetry. This will generate contributions typically of
order ±H2 ≃ ±(1014GeV)2 to the masses-squared of the GUT Higgs fields,
which may be bigger than their true masses-squared of order −λM2GUT. In
that case, if the generated contributions are positive for at least some of the
GUT Higgs field, the GUT symmetry may be at least partially restored dur-
ing inflation which could produce cosmic strings at the end of inflation that
could be forbidden by observation. The idea of a supersymmetric GUT is also
endangered by the failure so far of the LHC to find supersymmetric partners
for the Standard Model particles.
Of course, these considerations do not rule out a GUT. One can suppose
instead that the Standard Model is embedded in split supersymmetry, and
that inflation generates GUT Higgs mass-squared no bigger than H leading to
possibly observable non-gaussianity [4].
Even if the Standard Model has no supersymmetric partners so that there is
no GUT, there could still be supersymmetry broken at a high scale. One might
therefore consider supersymmetry as a mechanism for keeping the inflationary
potential sufficiently flat. For inflation models with φ ≪ MP supersymmetry
is indeed an attractive way of obtaining the shift symmetry, because in such
models the terms with d > 2 can be suppressed by the factor (φ/MP)
d−2 leaving
only the terms m2φ2/ and λ4φ
4 to worry about. The suppression of λ4 can
12For at least the second of these, inflation after the observable universe leaves the horizon
takes place with a nearly φ2 potential. I thank Qaisar Shafi for pointing this out to me.
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be achieved by taking the inflaton to be a flat direction of supersymmetry.
Supergravity, in which supersymmetry will generally be embedded, generically
makes |m2| ∼ H2 (the η problem [37]) but that can be solved by accepting an
order 1 percent fine tuning, or [38] by the imposition of an additional symmetry.
Supersymmetry is far less attractive now that we need φ & MP, because
all of the λd need to be suppressed. One can achieve this by imposing an ex-
act shift symmetry on the Kahler potential which could give the φ2 potential
[39, 40, 41] but one may question the validity of doing that [40, 42] and once it
is abandoned the situation for the Kahler potential looks no better than that
for the potential itself. One could also obtain the φ2 potential from D-term
inflation, by imposing an exact shift symmetry on the gauge kinetic function
[43] but that too seems to have no justification.
NOTE ADDED, May 9th 2014 The preceding text is identical with the one
posted on March 13th except for the addition of a footnote 12. Many papers
have appeared since, that relate to the BICEP2 measurement. One of them
[44] describes a supersymmetric inflation model, which has a mechanism for
suppressing the coefficients λd and gives a potential which is not φ
2 yet still fits
observation. Another paper [45] takes the view that the equality of ρ1/4 with
the (supersymmetric) GUT scale is evidence for a GUT. The idea presumably
would be to identify ρ1/4 with the height of the GUT Higgs potential. That
would need λ1/4 = 1 which contradicts the requirement λ ≪ 1. It has been
pointed out to me by F. Wilczek that this requirement might not be essential,
since the perturbative regime may be more like λ ≪ 4π. The fact remains
though [36], that all known inflation models which do identify ρ1/4 with the
height of a supersymmetric GUT Higgs potential seem to give r ≪ 0.1, in the
regime of parameter space that reproduces the observed Pζ(k).
References
[1] P. A. R. Ade et al. [BICEP2 Collaboration], “BICEP2 I: Detection Of
B-mode Polarization at Degree Angular Scales,” arXiv:1403.3985 [astro-
ph.CO].
[2] P. A. R. Ade et al. [Planck Collaboration], “Planck 2013 results. XVI.
Cosmological parameters,” arXiv:1303.5076 [astro-ph.CO].
[3] Y. Gong, “The challenge for single field inflation with BICEP2 result,”
arXiv:1403.5716 [gr-qc]; J. McDonald, “Negative Running of the Spec-
tral Index, Hemispherical Asymmetry and Consistency of Planck with
BICEP2,” arXiv:1403.6650 [astro-ph.CO].
[4] N. Craig and D. Green, arXiv:1403.7193 [hep-ph].
7
[5] K. Dimopoulos and D. H. Lyth, “Models of inflation liberated by the
curvaton hypothesis,” Phys. Rev. D 69 (2004) 123509 [hep-ph/0209180].
[6] D. H. Lyth and D. Wands, “Generating the curvature perturbation with-
out an inflaton,” Phys. Lett. B 524 (2002) 5 [hep-ph/0110002].
[7] T. Moroi and T. Takahashi, “Effects of cosmological moduli fields on
cosmic microwave background,” Phys. Lett. B 522 (2001) 215 [Erratum-
ibid. B 539 (2002) 303] [hep-ph/0110096].
[8] K. Enqvist and M. S. Sloth, “Adiabatic CMB perturbations in pre - big
bang string cosmology,” Nucl. Phys. B 626 (2002) 395 [hep-ph/0109214].
[9] G. Dvali, A. Gruzinov and M. Zaldarriaga, “A new mechanism for gen-
erating density perturbations from inflation,” Phys. Rev. D 69, 023505
(2004) [astro-ph/0303591]; L. Kofman, “Probing string theory with mod-
ulated cosmological fluctuations,” astro-ph/0303614.
[10] C. T. Byrnes, M. Corts and A. R. Liddle, “Comprehensive analysis of the
simplest curvaton model,” arXiv:1403.4591 [astro-ph.CO].
[11] J. Garriga and V. F. Mukhanov, “Perturbations in k-inflation,”
Phys. Lett. B 458 (1999) 219 [hep-th/9904176]; J. Garriga and
V. F. Mukhanov, “Perturbations in k-inflation,” Phys. Lett. B 458 (1999)
219 [hep-th/9904176].
[12] J. M. Maldacena, “Non-Gaussian features of primordial fluctua-
tions in single field inflationary models,” JHEP 0305 (2003) 013
[astro-ph/0210603].
[13] C. T. Byrnes, S. Nurmi, G. Tasinato and D. Wands, “Scale dependence
of local fNL,” JCAP 1002 (2010) 034 [arXiv:0911.2780 [astro-ph.CO]].
[14] M. Kawasaki, T. Kobayashi and F. Takahashi, “Non-Gaussianity from Ax-
ionic Curvaton,” JCAP 1303 (2013) 016 [arXiv:1210.6595 [astro-ph.CO]].
[15] D. H. Lyth, “What would we learn by detecting a gravitational wave signal
in the cosmic microwave background anisotropy?,” Phys. Rev. Lett. 78
(1997) 1861 [hep-ph/9606387].
[16] L. Boubekeur and D. .H. Lyth, “Hilltop inflation,” JCAP 0507 (2005)
010 [hep-ph/0502047].
[17] S. Hotchkiss, A. Mazumdar and S. Nadathur, “Observable gravitational
waves from inflation with small field excursions,” JCAP 1202 (2012) 008
[arXiv:1110.5389 [astro-ph.CO]].
[18] Y. -Z. Ma and Y. Wang, arXiv:1403.4585 [astro-ph.CO].
8
[19] A. Hebecker, S. C. Kraus and A. Westphal, Phys. Rev. D 88 (2013) 123506
[arXiv:1305.1947 [hep-th]].
[20] A. Kehagias and A. Riotto, “Remarks about the Tensor Mode Detection
by the BICEP2 Collaboration and the Super-Planckian Excursions of the
Inflaton Field,” arXiv:1403.4811 [astro-ph.CO].
[21] N. Kaloper, A. Lawrence and L. Sorbo, “An Ignoble Approach to
Large Field Inflation,” JCAP 1103 (2011) 023 [arXiv:1101.0026 [hep-th]];
B. Shlaer, “Chaotic Brane Inflation,” Phys. Rev. D 88 (2013) 103503
[arXiv:1211.4024 [hep-th]].
[22] M. Berg, E. Pajer and S. Sjors, “Dante’s Inferno,” Phys. Rev. D 81 (2010)
103535 [arXiv:0912.1341 [hep-th]].
[23] A. Ashoorioon, H. Firouzjahi and M. M. Sheikh-Jabbari, “M-flation:
Inflation From Matrix Valued Scalar Fields,” JCAP 0906 (2009) 018
[arXiv:0903.1481 [hep-th]].
[24] S. Dimopoulos, S. Kachru, J. McGreevy and J. G. Wacker, “N-flation,”
JCAP 0808 (2008) 003 [hep-th/0507205].
[25] S. A. Kim, A. R. Liddle and D. Seery, “Non-gaussianity in axion N-flation
models: detailed predictions and mass spectra,” Phys. Rev. D 85 (2012)
023532 [arXiv:1108.2944 [astro-ph.CO]].
[26] N. Arkani-Hamed, H. -C. Cheng, P. Creminelli and L. Randall, “Extra
natural inflation,” Phys. Rev. Lett. 90 (2003) 221302 [hep-th/0301218];
K. Furuuchi and J. M. S. Wu, “U(1)B−L extra-natural inflation with Stan-
dard Model on a brane,” Phys. Lett. B 729 (2014) 56 [arXiv:1310.4646
[hep-ph]].
[27] J. E. Kim, H. P. Nilles and M. Peloso, “Completing natural inflation,”
JCAP 0501 (2005) 005 [hep-ph/0409138].
[28] K. Freese, J. A. Frieman and A. V. Olinto, “Natural inflation with pseudo
- Nambu-Goldstone bosons,” Phys. Rev. Lett. 65 (1990) 3233;
[29] X. Dong, B. Horn, E. Silverstein and A. Westphal, “Simple exercises to
flatten your potential,” Phys. Rev. D 84 (2011) 026011 [arXiv:1011.4521
[hep-th]].
[30] K. Freese and W. H. Kinney, “Natural Inflation: Consistency with
Cosmic Microwave Background Observations of Planck and BICEP2,”
arXiv:1403.5277 [astro-ph.CO].
[31] T. Kobayashi and O. Seto, “Polynomial inflation models after BICEP2,”
arXiv:1403.5055 [astro-ph.CO].
9
[32] A. D. Linde, “Chaotic Inflation,” Phys. Lett. B 129 (1983) 177.
[33] X. Chen, R. Easther and E. A. Lim, “Generation and Characterization
of Large Non-Gaussianities in Single Field Inflation,” JCAP 0804 (2008)
010 [arXiv:0801.3295 [astro-ph]].
[34] E. Pajer and M. Peloso, “A review of Axion Inflation in the era of Planck,”
Class. Quant. Grav. 30 (2013) 214002 [arXiv:1305.3557 [hep-th]];
[35] S. Choudhury and A. Mazumdar, “Reconstructing inflationary potential
from BICEP2 and running of tensor modes,” arXiv:1403.5549 [hep-th];
N. Okada, V. N. enouz and Q. Shafi, “Simple Inflationary Models in Light
of BICEP2: an Update,” arXiv:1403.6403 [hep-ph].
[36] M. Civiletti, C. Pallis and Q. Shafi, “Upper Bound on the Tensor-to-Scalar
Ratio in GUT-Scale Supersymmetric Hybrid Inflation,” arXiv:1402.6254
[hep-ph].
[37] B. A. Ovrut and P. J. Steinhardt, “Supersymmetry and Inflation: A
New Approach,” Phys. Lett. B 133 (1983) 161; M. Dine, W. Fischler
and D. Nemeschansky, “Solution of the Entropy Crisis of Supersymmet-
ric Theories,” Phys. Lett. B 136 (1984) 169. G. D. Coughlan, R. Holman,
P. Ramond and G. G. Ross, “Supersymmetry and the Entropy Crisis,”
Phys. Lett. B 140 (1984) 44; E. J. Copeland, A. R. Liddle, D. H. Lyth,
E. D. Stewart and D. Wands, “False vacuum inflation with Einstein grav-
ity,” Phys. Rev. D 49 (1994) 6410 [astro-ph/9401011].
[38] E. D. Stewart, “Inflation, supergravity and superstrings,” Phys. Rev. D
51 (1995) 6847 [hep-ph/9405389].
[39] M. Kawasaki, M. Yamaguchi and T. Yanagida, “Natural chaotic inflation
in supergravity,” Phys. Rev. Lett. 85 (2000) 3572 [hep-ph/0004243].
[40] S. Ferrara, A. Kehagias and A. Riotto, “The Imaginary Starobinsky
Model,” arXiv:1403.5531 [hep-th].
[41] R. Kallosh, A. Linde, B. Vercnocke and W. Chemissany, “Is Imaginary
Starobinsky Model Real?,” arXiv:1403.7189 [hep-th].
[42] K. Harigaya and T. T. Yanagida, “Discovery of Large Scale Tensor Mode
and Chaotic Inflation in Supergravity,” arXiv:1403.4729 [hep-ph].
[43] K. Kadota and M. Yamaguchi, “D-term chaotic inflation in supergravity,”
Phys. Rev. D 76 (2007) 103522 [arXiv:0706.2676 [hep-ph]].
[44] J. E. Kim, “The inflation point in U(1)de hilltop potential assisted by chao-
ton, BICEP2 data, and trans-Planckian decay constant,” arXiv:1404.4022
[hep-ph].
10
[45] L. M. Krauss and F. Wilczek, “From B Modes to Quantum Gravity and
Unification of Forces,” arXiv:1404.0634 [gr-qc].
11
